A randomized controlled trial of four interventions was conducted using tubewells (n ¼ 2,486), liquid sodium hypochlorite ('Clorin') distributed with an improved water vessel (n ¼ 2,305), hygiene promotion (n ¼ 1,877), and a combination of the three (n ¼ 2,040) to create an evidence- Higher economic status as measured through household assets was associated with lower rates of diarrhoea and greater intervention uptake, excepting Clorin. Use of soap was also associated with lower prevalence of diarrhoea.
INTRODUCTION
Province found 25% of deaths across all age groups were associated with diarrhoea while diarrhoea was present in 30.5% of deaths of children less than five years and in 40% of deaths in children five to nine years old (Assefa et al. 2001) . Other studies in Afghanistan have placed the two-deaths of children each year (UNDP 2006; UNICEF 2006b ).
Repeated bouts of diarrhoea can contribute to stunting and wasting. In Afghanistan this is an important risk as it is estimated that 49% of children under five are underweight, 50% are stunted and 10% are wasted (UNDP 2004) .
This study was undertaken in Wardak province from 
METHODS Design
This study measured the effectiveness of three individual interventions and the joint effect of the three to reduce household diarrhoeal diseases. Diarrhoea was defined as three or more loose or watery stools in the previous 24 hours in accordance with the MOPH definition. Additionally, a household was defined as the group of people who ate together the previous evening.
The study was designed with 400 households in each of four intervention groups and a control group. This sample size was adequate to detect a 20% change in both diarrhoeal incidence and prevalence, assuming a 5% weekly incidence for children under five. The study assumed a design effect of two and an average household size of six.
The interventions tested were: (1) liquid sodium hypochlorite ('Clorin') produced in Afghanistan and marketed along with an improved water vessel and training on proper use; (2) hygiene education ('Hygiene'); (3) improved tubewells ('Wells'); and (4) all three interventions together ('All'). Each of these interventions has been shown to be effective in reducing diarrhoea in studies elsewhere (Esrey et al. 1991; Mintz et al. 1995; Quick et al. 1999; Curtis & Cairncross 2003; Luby et al. 2004; Fewtrell et al. 2005; Clasen et al. 2006 ), but there is little evidence regarding their level of effectiveness in Afghanistan. Diarrhoea was also measured in a control population ('Control') . Previous studies have suggested that Clorin, along with an improved water vessel and instructions on proper use, could reduce diarrhoea prevalence by 15 -48% (Quick et al. 1999) .
At the time of the study social marketing of Clorin had recently begun in Afghanistan supported by the United States Agency for International Development (USAID).
Clorin is intended for household uses and leaves a chlorine residual (Macy & Quick 2002; WHO 2002; Wright et al. 2004) . A bottle of Clorin is expected to treat enough drinking water for a household of six for one month 
Hygiene education
Hygiene plays an important role in diarrhoeal disease transmission, with numerous studies demonstrating the association between poor hygiene practices and increased risk of diarrhoea (Knight et al. 1992; Gorter et al. 1998; Luby et al. 2004) . As a result of high diarrhoeal disease rates in Afghanistan, hygiene education has become a regular feature of many Afghan health projects but there is little data on the effectiveness of these projects (MOPH 2001; UNICEF 2006a) .
The study utilized a hygiene education curriculum produced by PSI and USAID. Hygiene education messages were communicated through pictures printed on large cards and accompanied by spoken hygiene messages on safe water practices relating to five key messages:
1. Use protected drinking water 2. Improve environmental sanitation; use and maintain 
All three interventions
Villages in this study group received all three interventions implemented in the same way as individual interventions, and implemented simultaneously.
Control
Villages randomized to the control group did not receive any active intervention. At the end of the study, all villages that did not receive new tubewells as part of their intervention had new wells installed. Completion of the wells within the two-month implementation period was not possible. Difficulties experienced during the study included lack of water-bearing rock strata and the need for scarce rotary drilling equipment to penetrate the rock. Additional barriers included violent attacks and intimidations against well-drilling staff and participating villages from insurgents outside the communities who threatened study sites. Because of these multiple difficulties encountered during well construction, the study was extended by one year to allow additional time to construct wells. Well drillers were unable to complete wells in one village that was randomized to 'Wells' and one village randomized to 'All'.
Changes to study design

Study population and sampling
Wardak Province, west of Kabul, was chosen as the study site because of its large rural population, high prevalence of diarrhoea, lack of improved water sources, accessibility to Kabul-based staff and relative security at the project start. The number of households enrolled from any one village ranged from 11 to 120 households. In villages smaller than 120 households, all households were asked to participate.
In villages larger than 120 households, a random start was used to select four groups of 30 households each. Enrolled households agreed to adhere to the study protocols and the intervention to which they were randomized, including obtaining water from specific sources, chlorinating domestic water, reporting to the survey team information on household diarrhoea as requested, and agreeing to not resell supplies provided to the household.
Adjustments in study population
The project was intended to be entirely located in Sayadabad; however, inaccurate maps resulted in several villages in neighbouring Chak District being included in the study (Figure 1 ). Two villages were excluded after randomization but before data analysis when existing protected wells were discovered; therefore 32 villages were included in the data analyses. Also, two villages 
Surveillance data
The surveillance data was collected mainly by community health workers (CHWs) who were assigned to collect data in villages away from their home villages. Where community health workers were not available, personnel from local health clinics were employed as data collectors. For cultural reasons female data collectors could only work in the company of male relatives. Of the 20 disease surveillance teams, two were unable to locate females available to work outside their homes and the resulting teams were all male.
Surveillance data consisted of diarrhoea and bloody diarrhoea occurrences for all household members and was collected from households twice each week. Field supervisors checked surveillance data twice monthly.
Unannounced monitoring by field staff was conducted at least three times in all project villages.
Missing data that could not be verified or referenced from existing data was left as missing, with no imputation of missing data. Chlorine residuals in the 'Clorin' and 'All' groups were randomly checked throughout the study period by surveillance data collectors and field supervisors using LaMotte Insta-Test3 strips (LaMotte Company, Chestertown, Maryland).
Data analysis
Cross-sectional data
To investigate the effects of the interventions on diarrhoea prevalence, logistic regression models were used to estimate adjusted pre-post odds ratios comparing the odds of diarrhoea at the follow-up survey with the odds of diarrhoea at the baseline survey in each intervention and control group, as well as ratios of odds ratios comparing the prepost odds ratio in each intervention group with the pre-post odds ratio in the control group. Household variables found to be associated with diarrhoea prevalence at baseline were included in the final models along with an economic status indicator derived from the assets index to adjust for potential confounding. The analysis was done with both household and individuals within the household as the units of analysis.
In addition, clustering was considered by village and by household for the household-as-unit-of-analysis and individual-as-unit-of-analysis, respectively, using the HuberWhite sandwich estimators for the variance (Froot 1989) .
Baseline data was entered in Microsoft Excel in Kabul with each entry checked for accuracy by a second person.
The follow-up survey data was double entered in CSPro (US Census Bureau free software) in Kabul. Data from both surveys was analysed in Stata 9.2 (StataCorp, College Station, Texas) in Kabul and Baltimore.
Asset index
Questions about household assets were added to the and used the following formula:
Household asset score ¼ [(value of asset variable 2 unweighted mean of asset variable)/unweighted standard deviation of asset variable] £ 'raw' asset factor score (Gwatkin et al. 2000) .
Individual standardized scores were generated for each household asset based on ownership. The standardized household asset scores were added to create a total household asset score. Households were ranked and then divided into five quintiles. The household asset scores and the quintile cut off points were then applied to the database to generate a household asset index (Vyas & Kumaranayake 2006) . The 2004 NCHFA Wardak sample was used as the reference. The households were then classified by asset ownership based on general clustering of scores into three groups: the poorest 40%, middle 40% and least poor 20%.
Surveillance data
Incidence rate ratios were used to investigate the effects of While the original randomization to study groups was kept for the primary analyses, sub-analyses were also conducted excluding the five villages that did not received interventions as prescribed by the randomization. The study was designed to examine effectiveness of interventions rather than efficacy. Intention-to-treat analysis was used to retain original randomization for all primary analyses (Hollis & Campbell 1999) . 
Ethical approval
RESULTS
Baseline data
Twenty-five households refused participation at baseline, 1.6% of the total households visited. Household populations reported by village leaders were consistently higher than actual populations found during the study. Expected enrolment was 400 households per study group while actual enrolment ranged from 279 to 330 households per study group at baseline. The distribution of participants by intervention is shown in Figure 3 .
The baseline survey population of 1,514 households had a mean household size of 7.3 (sd 3.7). Diarrhoea within the previous two weeks at baseline was 6.4% [95%CI, The group of villages receiving the 'All' intervention was the only group that was found to have lower diarrhoea prevalence in the follow-up compared with the baseline.
This was for both children less than five years of age and the total population (Figures 4 and 5) .
Changes in self-reported water and hygiene-related behaviours were also examined. Across the total study population, 7% of households reported treating water during the last two weeks at baseline which increased to 38% at follow-up. Self-reported use of Clorin during the previous two weeks increased across all groups from baseline to follow-up with households reporting the following proportional usage: 82% in 'Clorin' group; 78% in 'All' group; 11% in 'Wells' group; 4% in 'Hygiene' group and 5% in 'Control'. Among only those households that reported treating water in the past two weeks, Clorin was the method of treatment for the following proportion of households: 99% of the 'Clorin' group; 98% of the 'All' group; 76% of the 'Wells' group; 52% of the 'Hygiene' group and 47% of the 'Control' group. Chlorine residuals were not checked during surveys so these results were not confirmed.
Protected tubewells were utilized as the principal source of water in 34.7% of 'Wells' households and 47.1% of 'All' households at follow-up, increasing from baseline values of 7.6 and 2.2%, respectively. Sub-analysis of those villages receiving adequate tubewell coverage (i.e. excluding intervention villages where new tubewells were unable to be completed as intended) showed utilization of protected tubewells increased to 41.2% in the 'Wells' group and 56.5% in the 'All' group. Protected tubewell use also increased from 2.5 to 11.8% in the 'Clorin' group, 3.2 to 31.5% in the 'Hygiene' group and 6.8 to 25.3% in 'Control' households.
Hygiene households showed an increase in selfreported use of soap for hand washing in the last 24 hours from 37.9 to 80.9%, while self-reported hand washing facility availability in the kitchen rose from 9.8 to 17.2%.
Behaviours which did not improve after the 'Hygiene' intervention included observed facilities for hand washing availability near the latrine, which decreased from 31.7% at baseline to 2.1% at the follow-up, and the proportion of households observed with faecal matter outside the latrine containment area rose from 20.1 to 32.5%. 
Household economic status
Households in the poorest group were more likely to have higher diarrhoeal disease prevalence in every intervention (Table 3) . In this group the children under five in the poorest households had slightly lower diarrhoea prevalence than children under five in households in the least poor group. The disparity between the poorest and the least poor households was smallest in the Clorin group and largest in the 'All' group. The largest diarrhoeal disease prevalence differential between the poorest and least poor asset groups was found in children under five in households receiving all three interventions. A reduction in the weekly diarrhoeal disease incidence in children less than five years of age during the four-month period was not significant in the 'All' group when compared with the control ( p ¼ 0.187). Intervention groups other than the 'All' group did not show a reduction in diarrhoea incidence rates compared with the control group; however the Clorin group had a statistically significant increased rate of diarrhoea incidence. The weekly incidence rates for each of the intervention groups with point estimates and 95%
Disease surveillance results
Prevalence of diarrhoeal diseases in children under
confidence intervals are shown in Figure 7 .
Analyses performed on household data from the fourmonth period in 2006 including all household members found a significant reduction in the incidence of diarrhoeal diseases in the 'Hygiene', 'Wells' and 'All' intervention groups compared with the Control group. The Clorin group showed a reduction in diarrhoea incidence that was only statistically significant when sensitivity analysis was performed excluding all five villages that did not fully receive interventions. The 'All' group had the largest overall reduction in diarrhoea incidence of 2.3 cases per 100
person weeks ( p , 0.001), corresponding to a reduction in incidence rate of 39% (Table 4) .
DISCUSSION
This, the first large-scale study of diarrhoea prevention in rural Afghanistan, presents longitudinal data from 10,813 people in 1,393 households and cross-sectional data on It is likely that improved well water was contaminated at the time of collection through transport and storage vessels and introduction of microbial agents by unwashed hands and dirty utensils, as has been documented in other studies (Roberts et al. 2001; Jensen et al. 2002; Luby et al. 2004) . Also, households assigned to study groups not Clorin; however it is not thought that this problem persisted long enough to affect study outcomes.
Assessment of latrines found that few were located, constructed or maintained in a way that would limit environmental contamination. There was a suggestion from the study data (not shown) that the presence of a traditional elevated vault latrine in the household compound increased risk of diarrhoea among household members.
When households were classified by assets, as a proxy for wealth status, there was a substantial difference in diarrhoeal rates among children. This is particularly evident in the 'All' intervention households where children in the poorest households were more than twice as likely to have diarrhoea during the previous two weeks than children in the least poor households. While it is possible that better off households take up change more readily, it could also be that these households are located closer to improved water sources, and that they are more able to 
Limitations
There were a number of potential limitations in this study.
Recall of bouts of diarrhoea could affect findings from both survey and surveillance methods although recall is less likely to be a concern with twice-weekly data collection.
However, adults may be less willing to reveal information about their own cases of diarrhoea and more likely to discuss children's cases. Insecurity and adverse weather conditions prevented Kabul-based staff from travelling to the field on a number of occasions, thereby limiting the ability to consistently monitor surveillance data collection.
Community health workers proved to be very effective data collectors, able to continue their work even as insurgents threatened the region. However, it was not possible to monitor their work as closely as planned.
Another limitation of the surveillance study is that person-time, used as the denominator for incidence rate calculations, was not observed perfectly and had to be estimated at the village level. Therefore, no adjustments for household level covariates were made, and all calculations were done using raw, unadjusted data. Additionally, 
